Introduction
Prostate cancer is the second most common cancer in men (1) . Laparoscopic prostatectomy is the most common treatment of choice, as it is associated with less postoperative pain, less trauma, and fewer complications (2) . However, it requires the Trendelenburg position (15°-30°), pneumoperitoneum, and insufflation of CO 2 into the peritoneal cavity to pull the abdominal viscera away from the pelvic cavity for a clear operating field. Robotic-assisted laparoscopic radical prostatectomy (RALRP) is one of the newest and most technically advanced treatments for prostate cancer. Although it has advantages, like stereoscopic visualization, good maneuverability within the operating area, decreased blood loss, less postoperative pain, and faster recovery time, it (12) (13) (14) (15) . This study aimed to assess POBF during RALRP and obtained the OPP and systemic parameters.
Methods
This prospective clinical study was approved by the Ethics Committee of San Luigi Gonzaga Hospital, Torino, and was carried out according to the tenets of the Declaration of Helsinki. After obtaining written informed consent, at the anesthesiology preoperative evaluation, the patients' anthropometric characteristics were registered. A total of 50 prostatic cancer patients (categorized by the Gleason Score), undergoing RALRP using the Da Vinci TM Robot System (Intuitive Surgical, Inc.), were enrolled. Exclusion criteria included American Society of Anesthesiologists Physical Status >II; preexisting eye diseases, e.g., ocular hypertension, glaucoma, cataract, retinal, and optical pathologies, and/or previous eye surgery; intracranial and/or central nervous system diseases; neuromuscular diseases; uncontrolled hypertension; liver or kidney diseases; previous or familial history of malignant hyperthermia; any retroperitoneal surgery; medications that interact with muscle relaxants, e.g., anticonvulsants, certain antibiotics, and magnesium; allergies; or previous adverse reactions to drugs.
Complete ophthalmic examination was performed in both eyes the day before RALRP. The right eye was tested first, including best-corrected distance visual acuity using the logMAR chart, 30-2 SITA-Standard Humphrey Visual Field Test (Carl Zeiss Meditec Inc.), anterior segment biomicroscopy, central corneal thickness by Pachette 2 (DGH Technology Inc.), IOP measurement in the sitting position using the Goldmann applanation tonometer (after topical instillation of oxybuprocaine 0.4% and fluorescein strips), and posterior segment examination (after topical instillation of topical tropicamide 0.5% and phenylephrine 10%). If the visual field test was unreliable, i.e., a false-positive, false-negative, or fixation loss >30%, it was discarded and a retest was performed. Pulsatile ocular blood flow and IOP were measured in both eyes at 5 time points (Tab. I). After topical instillation of oxybuprocaine 0.4%, the day of RALRP, in the operation theater, the OBF Langham System (POBF Labs) calculated the POBF accurately and reproducibility from multiple IOP readings in a short 10-second span. A flexible membrane at the tonography head was in contact with the corneal surface and a column of air was directed towards the membrane. It exerted pressure on the corneal surface and fluctuation of IOP with each heartbeat produced an opposing force against the membrane. The variations in IOP are known as pulse amplitude, which allows for the calculation of the POBF. Only data with standard deviation <5% for POBF on the printed report were accepted. With each measurement, the time point of procedure, MAP, heart rate (HR), plateau airway pressure (PAP), end-tidal CO 2 (EtCO 2 ), and blood loss were recorded. Another eye examination was carried out the day after the surgical procedure. The Goldmann tonometer and OBF Langham System were calibrated according to manufacturer's guidelines before each reading. All measurements were performed by the same ophthalmologist.
The same anesthetist performed all procedures with a standardized anesthesia protocol (Tab. II). The Datex-Ohmeda S/5 plus Entropy Module (GE Datex-Ohmeda) was used to monitor inspired and expired gases, ventilatory variables, plethysmographic oxygen saturation, HR, arterial blood pressure, and depth of anesthesia. Neuromuscular transmission was evaluated by Innervator NS242 (Fisher & Paykel Healthcare). Body temperature was maintained at 36°-37°C using a forcedair warming system.
The same surgeon performed all procedures in the morning. Pneumoperitoneum was created and maintained at 15 mm Hg by peritoneal insufflation of CO 2 while the patients were in the supine position; they were then placed in the steep Trendelenburg position (30° from horizontal).
Statistical analysis was performed with PASW Statistics 18, version 18.0.0 (SPSS). A repeated-measures analysis of variance (ANOVA) was used to identify any differences in the average POBF, OPP, MAP, and EtCO 2 values at the 5 time points. A Pearson bivariate correlation was made between POBF and EtCO 2 and between OPP and EtCO 2 . A 2-way repeated-measures ANOVA with EtCO 2 was carried out for POBF and OPP. A regression analysis between POBF and EtCO 2 was performed for all time points. Statistical significance was set at p<0.05.
Results
All 50 patients were Caucasian and had an average age of 63.82 ± 5.39 years. Nineteen out of 50 patients had hypertension, 7 diabetes mellitus, and 1 asthma. There was a Gleason score of 7 in 23/50 (46%) patients, 6 in 26 (52%), and 5 in 1 (2%). Further characteristics are reported in Table III . Pulsatile ocular blood flow was 15.53 ± 3.32 µL/s at T 0 , 18.99 ± 4.95 µL/s at T 1 , 10.04 ± 3.24 µL/s at T 2 , 11.45 ± 3.02 µL/s at T 3 , and 15.07 ± 3.81 µL/s at T 4 ( Fig. 1) . Ocular perfusion pressure was 70.15 ± 5.98 mm Hg at T 0 , 64.21 ± 6.77 mm Hg at T 1 , 57.71 ± 7.07 mm Hg at T 2 , 51.73 ± 11.58 mm Hg at T 3 , and 64.21 ± 12.37 mm Hg at T 4 (Fig. 2) . Other intraoperative values (IOP, MAP, HR, PAP, and EtCO 2 ) are reported in Table IV . Repeated-measures ANOVA for POBF, OPP, MAP, and EtCO 2 are reported in Table V . There was a statistically significant difference (p>0.05) for POBF between the time points T 0 and T 4 and for OPP between T 1 and T 4 at ANOVA. Regression analysis was statistically significant at T 0 (r = 0.047, p = 0.031) and at T 3 (r = 0.096, p = 0.002) (Fig. 3) . No complications occurred during the RALRP procedure, nor were any postoperative complications reported. 
Discussion
All procedures were performed in the morning so as to avoid diurnal variations in IOP (16) . It was observed that Trendelenburg position and pneumoperitoneum increased IOP up to 20 mm Hg and reduced OPP up to 13 mm Hg. It is known that IOP increases directly proportional to the angle of tilt of the Trendelenburg position, up to an average of 13 mm Hg higher than the preanesthesia values (17) (18) (19) . Moreover, it also increases up to 10 mm Hg when pneumoperitoneum is induced (20, 21) . Furthermore, OPP decreases directly proportional to the angle of tilt of the Trendelenburg position, even if the exact proportion is not known (22) . The OPP decreased from the induction of general anesthesia until the end of the procedure in the steep Trendelenburg position and with pneumoperitoneum. It then took an increasing trend, but remained lower than the initial value. The fluctuation of OPP was similar to that described by Molloy (23) , implying that the lowering of OPP was correlated with patient position, in particular with Trendelenburg position, but also with anesthetic drugs. There is a consensus that a lower OPP is important for optic nerve damage but there is no agreement on the exact effects of MAP and IOP on blood flow in optic nerve (24) . The data obtained showed statistically significant fluctuation in MAP and EtCO 2 from T 0 until T 2 . This is most likely due to the induction of general anesthesia, the creation of pneumoperitoneum, and the Trendelenburg position, as reported in the literature (25, 26) . Stabilizing MAP and EtCO 2 until the end of the procedure probably removed 2 possible parameters that influence OPP and POBF. Indeed, Lovasik and Kergoat (27) observed a POBF increase during physical exertion (biking), but their measurements were not simultaneous. Kergoat and Faucher (28) observed a POBF increase during carbogen breathing. Conversely, our study measurements were simultaneous and the POBF variation was not influenced by MAP and/or EtCO 2 , but rather by other unknown factors, as demonstrated in our statistical analysis. As for OPP, the differences between OPP measurements in the ANOVA analysis disappeared when EtCO 2 was considered, while they were confirmed for all time points, except between T 1 and T 2 , when MAP was considered. This result was in agreement with the results of Schmidl et al (29) during physical exertion (squatting), but in contrast with those of Huber et al (30) , who observed an increase in OPP during hypercapnia.
It has been hypothesized that the pathogenesis of perioperative PION lies in decreased oxygen delivery and infarction of the intraorbital optic nerve (5, 22, 31) . Perioperative visual loss during RALRP may be the result of direct ocular compression, particularly in spine surgery. It may also be due to a combination of anemia, hypotension, increased venous pressure, increased cerebrospinal fluid pressure, the Trendelenburg position, and/ or embolism. Orbital pressure, cerebrospinal fluid pressure, or venous pressure were not measured in our study as they are invasive procedures. Therefore, it was not possible to define whether the prolonged duration of head-down position was responsible for a rise in orbital pressure due to increase in venous pressure, leading to compression of optic nerve. Intraoperative anemia, due to hemodilution, was not determined. No hypotension or severe blood loss were observed.
Ocular perfusion pressure and POBF fluctuation differed only during the induction of general anesthesia in the supine position, i.e., there was a decrease in OPP but an increase in POBF. Moreover, the results of the regression analysis showed, for the first time to our knowledge, that variations among individuals in POBF have a statistically significant correlation with OPP only at T 0 and T 3 , i.e., during a basal state and at the end of a period where the effects of different interventions, e.g., the steep Trendelenburg position and pneumoperitoneum, reached a stable state. This event was probably due to the different influence of the anesthetic drugs on the choroidal vascular network (32, 33) . Therefore we believe that POBF is a more accurate measurement for optic nerve blood flow. Although POBF is about 13.49-20.31 µL/s in healthy subjects (34), a value of 10.04 ± 3.24 µL/s does not imply visual loss due to PION.
One major limitation of our study was that of not having performed more frequent monitoring of the OPP and POBF. Indeed, this may have led to overlooking sudden changes in OPP and POBF induced by pneumoperitoneum and steep Trendelenburg position instead of long surgery duration.
In conclusion, POBF and OPP fluctuated during RALRP and were observed to reach their lowest levels at the end of the surgical procedure. The data on POBF indicated that the critical period for PION onset was most likely immediately after the induction of pneumoperitoneum and the adoption of the steep Trendelenburg position, rather than being due to the duration of surgery. Further studies are ongoing to confirm these preliminary data.
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